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elderly with diabetes.

To investigate if diabetes is more common in drug-induced parkinsonism patients. We performed a hospital-
based retrospective case-control study on 44 drug-induced parkinsonism (DIP) patients, 177 Parkinson
disease patients, and 176 acute stroke patients matched for age and sex who were seen over the same period
at the same hospital. The frequency of diabetes, age-at onset and sex were compared between DIP and IPD or
acute stroke. Multivariate analysis showed that patients with diabetes are more frequent in DIP compared
with IPD (p<0.001, adjusted OR 5.48; 95% CI, 2.52-11.94). The frequency of diabetes in DIP was comparable
to that in acute stroke patients (p=0.16, adjusted OR 0.62; 95% CI, 0.32-1.21). These data suggest that
diabetes may be a risk factor for DIP. Drugs with dopamine receptor blocking potency should be avoided in

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Drug-induced parkinsonism (DIP) which constitutes 15-60% of all
parkinsonism is second most common cause of parkinsonism [1-4].
Currently, common causative drugs have changed from classic
neuroleptics to benzamide derivatives (sulpiride, levosulpiride,
clebopride and metoclopamide), calcium channel-blocking agents
(flunarizine, cinnarizine), and atypical neuroleptics [5-8]. Although
DIP is a heterogeneous clinical syndrome where not only blockage of
dopamine D2 receptor but also subclinical parkinsonism is a possible
cause, older age and female gender were consistently reported as risk
factors for DIP [9,10]. Besides, diabetes mellitus (DM), chronic renal
failure, past brain insults, or genetically determined differences in
drug metabolism were also suggested as a risk factor for DIP [11-16].
The relationship between DIP and DM has not been systematically
studied yet, although coexisting tardive dyskinesia and parkinsonism
were reported to be associated with diabetes [17]. We carried a
retrospective study to investigate the association between DIP and DM
by comparing the frequencies of DM among patients with DIP,
idiopathic Parkinson disease (IPD), and acute stroke.
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2. Subjects and methods

We retrospectively reviewed medical records of patients who
visited movement disorders clinic at Hallym Sacred Heart hospital and
diagnosed as DIP or IPD from Jan 2003 to Aug 2007. DIP was defined
according to the following criteria: 1) the presence of at least two of
four cardinal signs (tremor, rigidity, bradykinesia, and impaired
postural reflexes); 2) absence of a personal history of extrapyramidal
disorders before treatment with an offending drug; 3) onset of
symptoms in the course of treatment with an offending drug; 4)
reversal of parkinsonian symptoms, although not necessarily com-
pletely resolved, after discontinuing offending drugs during follow-up
for more than 3 months [7]. IPD was diagnosed according to the
United Kingdom Parkinson Disease Society Brain Bank clinical
diagnosis criteria [18]. Other secondary causes of parkinsonism
including vascular parkinsonism were excluded by neuroimaging
studies (CT or MRI) and appropriate laboratory tests. All DIP and IPD
were seen and diagnosed by one of two movement disorders
specialists (HIM or YJK).

Another disease control of acute stroke where DM is a well-
recognized risk factor was used to compare the frequency of DM with
DIP. A blinder (MSO) selected 4 controls per case from Hallym Stroke
Registry [19] of the same sex and age (+ 1 year). The diagnosis of acute
stroke was based on clinical findings and neuroradiological studies
simultaneously reviewed by two experienced neurologists (KHY and
BCL). Stroke subtypes of all patients enrolled in Hallym Stroke Registry
were based on the modified Trial of Org 10,172 in Acute Stroke
Treatment (TOAST) classification using a consensus approach [20].
Stroke control patients were selected from the subtypes of large-
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Table 1
Demographic characteristics of patient groups.

DIP IPD Stroke 0dds ratio (95% CI, lower-upper)?
(n=44) (n=177) (n=176) DIP vs IPD DIP vs stroke
Sex (M:F) 11:33 67:110 44:132 N/A N/A
Age-at-onset (years) 70.4+6.7 633+11.7F 70.24+6.6 N/A N/A
(mean + SD)
DM (%) 20 (45.5)™* 21 (11.9)"* 21 (34.1)™* 548 (2.52-11.94)" 0.62 (0.32 -1.21)*

*p<0.001 compared with DIP.

**Values are number of patients with DM.
p<0.001.

p=0.16.

80dds ratio after multivariate adjustment.
NA, not applicable.

artery atherosclerosis (LAA), or small-vessel occlusion (SVO) since
diabetes is an established risk factor for these subtypes of stroke. The
study protocol was approved by the institutional review board at
Hallym University Sacred Heart Hospital.

We investigated presence of DM at the age-at-onset of DIP, IPD or
stroke. Assessment of the history of type 2 DM was first based on self-
reporting on history taking. History of DM was defined as ever
reporting of doctor-diagnosed diabetes regardless of diabetic medica-
tion. All patients had undergone blood tests to measure blood sugar
level when they first visited our clinic. DM was confirmed by applying
the following criteria: one or more classic symptoms and a fasting
plasma glucose level >7.8 mmol/l; at least one raised plasma glucose
concentration on a fasting plasma glucose level >7.8 mmol/l; or
treatment with a hypoglycemic drug (oral anti-diabetic agents or
insulin) [21].

Multiple logistic regression analysis was used to compare
frequency of DM between the IPD and DIP groups. Chi-square test
was used to compare the frequency of DM between DIP and acute
stroke patients matched for age and sex. Unpaired t-test was used for
comparison of age-at-onset, latency of drug exposure, and Hoehn &
Yahr stage between DIP with DM and DIP without DM. A p value of
<0.05 was regarded as being statistically significant. The statistical
analyses were performed using commercially available software
(SPSS, version 12.0).

3. Results

During the period indicated above, 44 patients were diagnosed
with DIP and 177 patients were diagnosed with IPD. In both groups,
female to male ratio was high, however, there was no difference of sex
ratio between two groups. The mean age-at-onset of Parkinsonian
symptoms was higher in the DIP group than the IPD group (Table 1),
which is consistent with previous reports [7,10]. The mean (SD)
duration of Parkinsonian symptoms in DIP was 6.3 (7.2)months,
ranging from 0.5 to 36 months. Levosulpiride was the most common
offending drug (n=24), followed by perphenazine (n=7), flunar-
izine (n=6), metoclopropamide (n=15), clebopride (n=2), risper-
idone (n=2), and chloropromazine (n=1). Three patients were
taking two offending drugs concomitantly. In levosulpride-induced
parkinsonism, male to female ratio was 7:17, and the mean age-at-
onset was 71.5 + 7.5 years. DIP occurred after a mean (SD) exposure of
12.6 (12.3) months to the offending drugs. The most common
indication for the use of the offending drugs was gastrointestinal
symptoms (n=24). Other indications include anxiety (n=6),
dizziness (n=4), headache (n=2), insomnia (n=2), psychosis
(n=1) and unknown reasons (n=>5). In the 24 DIP cases caused by
levosulpiride, the drug was used for gastrointestinal symptoms
(n=17), anxiety (n=3) and unknown reasons (n=4).

To explore if DM is more common in DIP, we compared the
frequency of DM between DIP and IPD. Patients with DM were

significantly more frequent in DIP compared to the IPD group even
after multivariate adjustment for age and sex (p<0.001, OR 5.48; 95%
Cl, 2.52-11.94) (Table 1). The mean (SD) duration of DM in DIP group
was 14.7 (12.4) years. To control for bias caused by different
medications, we repeated the same analysis between a subgroup of
DIP caused by levosulpiride, a gastrointestinal motility drug with D2
blocking potency, and IPD. Fourteen (58.3%) out of 24 patients with
levosulpiride-induced parkinsonism had DM, which was higher
compared with IPD (p<0.001, OR 9.08; 95% CI, 3.19-25.78). Because
DM is an established risk factor for acute stroke, we compared the
frequency of DM in DIP patients with acute stroke patients. Out of 176
acute stroke patients matched for age and sex, 60 (34.1%) patients had
diabetes, and there was no difference in the DM frequency between
the two groups (p=0.16, OR 0.62; 95% CI, 0.32-1.21). We hypothe-
sized that the presence of DM renders the striatal neurons more
susceptible to dopamine receptor antagonists and compared the
following variables between the DIP groups with and without DM: the
age-at-onset of parkinsonism, disease severity as measured by initial
Hoehn & Yahr stage, and latency of an offending drug exposure. There
was no difference of the above parameters between the two groups
(Table 2). To avoid the effect of different D2 receptor blocking
potencies of various drugs, we chose 24 DIP cases caused by
levosulpiride and repeated the same analysis. However, there was
no difference of the above parameters between levosulpiride-induced
parkinsonism with and without DM (data not shown).

4. Discussion

Consistent with previous reports [9,10], known risk factors for DIP
such as old age and female gender were more frequent among DIP
patients in our data. Intriguingly, female preponderance was observed
in both the DIP and IPD groups. Series of DIP patients from another
tertiary referral hospital in Korea reported that more than 75% of the
patients were female [7,22]. Although many epidemiological studies
have reported that IPD is slightly more common in men than in
women [23,24], female preponderance was reported in a number of
epidemiological studies from Japan and Korea [25,26]. Therefore, the
female preponderance observed in our study may be due to ethnic
background rather than selection bias.

Table 2
Comparison of clinical characteristics between DIP with diabetes and without diabetes.

DIP with DM DIP without DM p value
(n=20) (n=24)
Sex (M:F) 4:16 7:17 0.78
Age-at-onset (years) 68.8+7.8 71.7+5.6 0.15
Latency (months) 11.7 £10.5 13.34+14.0 0.71
Initial Hoehn & Yahr stage 21405 2.0+0.6 0.28
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Studies on medical conditions as a risk factor for DIP are rare. Past
brain insults or renal failure have been reported to increase the risk for
DIP [11,15]. In a study with schizophrenia patients, coexisting tardive
dyskinesia and parkinsonism after neuroleptic treatments was
associated with diabetes [17]. We showed that 45.5% of the DIP
patients had DM. The prevalence of DM increases with age and
reaches its peak in the oldest female group [27]. The proportion of [PD
with DM in our data appears larger compared to the two previous
case-control studies on DM in IPD [28,29]. This difference may be
explained by the difference of mean age of patients or ethnic
background. A nationwide survey of Korean men and women above
the age of 60 found the crude prevalence of DM to be 15-25% [27],
which is close to the frequency of DM in the IPD group in our data.
Since it is difficult to estimate the prevalence of DM in age- and sex-
matched control population, we used two disease controls for
comparison. The frequency of DM was higher in DIP than in IPD in
our study, although epidemiological studies on the relationship
between diabetes and Parkinson disease or other parkinsonism have
been sparse, and results are inconsistent [21,28-32]. In a review by
Sandyk, estimates of impaired glucose tolerance in IPD range from 50
to 80% [33]. In a national survey of 24,831 US elderly adults, the
investigators found that the prevalence of DM among adults with
parkinsonism or IPD was higher compared to the people without
those conditions (29.7% vs. 21.5%) [34]. However, case-control studies
on the relationship between IPD and DM suggest that diabetes was
associated with reduced risk for IPD [28,29]. Two recent prospective
studies investigating the effect of DM on the development of IPD
reported contradictory results. In two large US cohorts of the Nurses'
Health Study (121,046 women) and the Health Professionals Follow-
up Study (50,833 men), risk of PD was not associated with self-
reported history of diabetes [30]. In contrast, in another cohort of
51,552 Finnish men and women, type 2 diabetes increases risk for PD
even after multivariate adjustment including coffee, alcohol con-
sumption, BMI, serum lipids and physical activity [21]. Therefore, our
finding that diabetes is more common in DIP than in IPD suggests that
diabetes may be a risk factor for DIP. In acute stroke, diabetes is a well-
recognized risk factor. In a prospective multi-center cooperative
hospital-based nationwide stroke registry study in Korea, the
frequency of diabetes in acute stroke patients admitted to hospitals
was 28.5% [35]. Given that frequency of diabetes in DIP was
comparable to that of acute stroke in our data, diabetes may be a
risk factor for DIP like acute stroke. Most of medical conditions
associated with drug-induced parkinsonism are simply co-morbidities
which an offending drug is prescribed for [10]. That dopamine
antagonists are not used in the regular treatment of diabetes suggests
that higher frequency of diabetes in DIP is not likely co-morbidity.

Although there are some controversies, preclinical and clinical
evidence suggests that chronic hyperglycemia or DM may affect basal
ganglia directly or increase susceptibility to a basal ganglia disorder.
Tardive dyskinesia caused by chronic neuroleptic treatment is more
common in DM patients than in non-DM [17,36]. Non-ketotic
hyperglycemia in DM patients sometimes induces chorea with
hyperintense lesion in basal ganglia on T1-weighted MR image
especially in Asian [37]. In animal studies, chronic hyperglycemia
decreased striatal dopaminergic transmission [38]. Based on these
evidences, we hypothesized that the DIP patients with diabetes had a
shorter latency of drug exposure and more severe clinical phenotype
than the DIP patients without DM. However, because of small sample
size, wide range of latency, and crudeness of clinical severity scale of
Hoehn & Yahr stage, we failed to prove our hypothesis.

Limitations of this study include the following. First of all, this is a
retrospective case—control study in which the temporal relationship
between diabetes and DIP onset may be unclear. Since this study was
conducted in a tertiary referral center, there might have been selection
bias. More importantly, the frequency of DM in the DIP group might
have been exaggerated because those with DM are more likely to seek

medical service, and therefore are more likely to be exposed to the
offending drugs. Alternatively, patients with DM who developed
gastroparesis might have been given levosulpiride or other anti-
emetics with some of these patients subsequently developing DIP.
Cigarette smoking which is inversely related with the risk for IPD
might have had protective effect on the development of DIP. However,
considering that smoking in aged women in our society is really rare
and women were more common in DIP population, analyzing the
effect of smoking in this study may be biased. Secondly, since our DIP
patients are old, and we do not have long term follow-up data of more
than 3 months, some preclinical IPD patients unmasked by the
offending drugs might have been included in the DIP group. A large
prospective study with long term follow-up is needed to solve these
problems. Thirdly, although DM could have been induced or
exacerbated by the offending drugs in the DIP group as reported
previously [39,40], we think that the possibility is low in our series
because the mean duration of DM in the DIP group is much longer
than the mean latency of exposure to the offending drugs. Finally, we
did not confirm the agreement between the self-reported history of
DM and the clinical confirmation of ICD-9 codes for DM. We think this
might not have influenced results of this study, because there was
substantial agreement between self-reported DM and the ICD-9 codes
for DM (kappa=0.76) [28]. Despite these limitations, our result
showing an increased DM frequency in DIP has an important
implication in clinical practice. Although anti-dopaminergic gastro-
intestinal prokinetics are recommended to treat diabetic gastroparesis
[41,42], caution should be exerted in the use of these drugs especially
on elderly women with DM.
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